Paraneoplastic limbic encephalitis · Small cell lung cancer · Anti-glutamic acid decarboxylase antibody · Anti-amphiphysin antibody Abstract Paraneoplastic limbic encephalitis (PLE) is a rare neurologic disorder that can complicate various malignancies, including lung cancer. PLE is most frequently found the initial presentation of lung cancer. In this study, we reported the case of a 74-year-old Japanese woman who developed PLE after partial remission of small cell lung cancer (SCLC) by first-line systemic chemotherapy. Brain magnetic resonance imaging showed no metastatic tumor or cerebrovascular disease. Anti-glutamic acid decarboxylase (GAD) and anti-amphiphysin antibodies were detected in her serum. She was diagnosed as having PLE related to the recurrence of SCLC and received high-dose glucocorticoid, and sequentially systemic chemotherapy with amrubicin. Unfortunately, these treatments did not improve her disease progression and she died 4 months later. Although PLE rarely occurs at the time of SCLC recurrence, physicians should pay attention to PLE onset even after chemotherapy.
Introduction
Paraneoplastic neurologic syndrome (PNS) can be defined as the remote effects of cancer that are not caused by the tumor and its metastasis [1] . PNS is rare, complicating only 0.01-1% of cancers, and had been closely linked with paraneoplastic antibodies. The most common PNS is Lambert-Eaton myasthenic syndrome, which accounts for 60% [2] . On the other hand, paraneoplastic limbic encephalitis (PLE) accounts for about 20% of PNS and had been characterized by a subacute onset of confusion, with marked reduction of short-term memory [3] . Small cell lung cancer (SCLC) is the most common tumor associated with PLE and accounts for 50% of cancers [4] . Herein, we reported a case of PLE complicated with SCLC at the time of recurrence.
Case Presentation
A 74-year-old Japanese woman visited our hospital because of chronic cough and weight loss for 2 months. She had a 30-pack-year smoking history but had no dust exposure. She had no underlying disease and was not on any medications. In physical examination, crackles were not audible on chest auscultation. Other physical examinations, including assessment of consciousness, abdomen and superficial lymph node were normal.
Chest radiography showed a mass on the right hilar region (Fig. 1A) , which was confirmed on chest computed tomography (CT) with contrast as an 80-mm lobulated mass on the right hilar region, with multiple lymphadenopathies in the right hilum, mediastinum, and right supraclavicular fossa (Fig. 1B, C) . Laboratory findings showed increase in the levels of pro-gastrin-releasing peptide (Pro-GRP) at 1,530 pg/mL and neuron-specific enolase (NSE) at 38.4 ng/mL. Bronchoscopy with endobronchial ultrasound-guided transbronchial needle aspiration was performed on the mediastinal lymph nodes and showed pathological findings of small cell carcinoma and immunostaining that was CD56-positive and chromogranin-negative (Fig. 2) .
She was diagnosed as having SCLC, clinical stage IIIB (cT4N3M0, extensive disease) and received chemotherapy. The dose of irinotecan was reduced to 50% because her UGT1A1 polymorphism was *6/*6 homozygous. She was administered 1 cycle of cisplatin (60 mg/m 2 ) and irinotecan (30 mg/m 2 ) therapy and 3 cycles of cisplatin (64 mg/m 2 ) and etoposide (100 mg/m 2 ) therapy; irinotecan was changed to etoposide because of grade 3 nausea. After 4 cycles of the first-line chemotherapy, the tumors decreased in size, and the pro-GRP (123 ng/mL) and NSE (9.2 ng/mL) levels also decreased. After that, she was carefully followed up.
However, 2 months after the last chemotherapy, she suddenly had cramps and loss of unconsciousness. Brain magnetic resonance imaging showed no metastatic tumors or cerebrovascular disease (Fig. 3A, B) . Chest CT showed an increase in the size of the right hilar mass and mediastinal lymph node (Fig. 3C-F) . Laboratory findings showed an increase in pro-GRP (362 ng/mL). Anti-glutamic acid decarboxylase (GAD) and anti-amphiphysin antibodies were detected in her serum. Examination of the cerebrospinal fluid showed clear appearance, pressure at 15 cm H2O, protein at 44 mg/dL, glucose at 78 mg/dL, and no malignant cells on cytology.
Based on the above, she was diagnosed as PLE. Steroid pulse therapy was administered but had no effect. She was administered 1 cycle of amrubicin (32 mg/m 2 ) as second-line chemotherapy, but this had no effect. Chemotherapy was discontinued and she was switched to palliative care because the frequency of cramps increased and control of the disease was considered difficult. She died 4 months after the onset of PLE.
Discussion
PLE accounts for about 20% of PNS cases [5] and had been most commonly associated with SCLC [4] . In fact, a previous study showed that PLE complicated 1.5% of SCLC patients [2] . In a majority of patients, this neurologic disorder develops before the cancer is clinically found [3] . The present case was rare because PLE occurred at the time of SCLC recurrence.
PNS is associated with paraneoplastic antibodies directed against the antigens expressed by both the tumor and the nervous system. Anti-Hu antibody had been found in up to 50% of patients with PLE and lung cancer [6] . In the present case, anti-GAD and anti-amphiphysin antibodies were detected. The detection of anti-GAD antibody had been reported in type 1 diabetes, stiff person syndrome, cerebellar ataxia, limbal encephalitis, and temporal lobe epilepsy [7] . A previous study reported that the prevalence of the anti-GAD antibody in SCLC patients with PNS was 4.2% [2] . On the other hand, anti-amphiphysin antibody had been frequently detected in stiff person syndrome with breast cancer and limbic encephalitis with SCLC; however, the comorbid tumors and neurologic symptoms may vary [8] . The prevalence of anti-amphiphysin antibody in SCLC patients with PNS was reported to be 3.9% [5] . Therefore, the detection of both anti-GAD and anti-amphiphysin antibodies in SCLC patients with PNS had not been common.
Paraneoplastic antibodies are divided into those against intracellular antigens or those against cell surface antigens [9] . A PNS that produces the former antibodies is resistant to immunosuppressive therapy, whereas a PNS that produces the latter antibodies responds to immunosuppressive therapy [10] . Both anti-GAD and anti-amphiphysin antibodies are classified as antibodies against intracellular antigens. Therefore, the present case might have been resistant to immunosuppressive therapy. Paraneoplastic antibodies may serve as markers, not only for the diagnosis of PNS but also for predicting treatment response.
In conclusion, physicians should pay attention to PLE onset even after chemotherapy because PLE can develop at the time of SCLC recurrence. Paraneoplastic antibodies may be useful for the diagnosis of PNS and the prediction of treatment response.
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